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XIX.— On the Structure and Optical Phenomena of Ancient Decomposed Glass.
By Sir DAVID BREWSTER, K.H., D.C.L., F.R.S., &c. (Plates X., XI.)
(Read 5th January 1863.)
The disintegration of solid bodies by means of active or feeble solvents, or by
those invisible processes which go on during long periods of time, has, so far as I
know, been studied neither by the chemist nor the natural philosopher. In 1837
I submitted to this Society a paper " On the Optical Figures produced by the
Disintegrated Surfaces of Crystals,"* containing experiments which I believe have
not been repeated, and results which no person has attempted to explain, f
Since that paper was published, my attention was called to the structure and
properties of decomposed glass, in consequence of having had occasion to study
the action of its coloured films, in absorbing definite parts of the spectrum. The
specimens, however, which I received for this purpose from the late Marquis
of NORTHAMPTON, Mrs BUCKLAND, and Mr CHILDREN, and referred to in my
" Experiments on the Connection between the Phenomena of the Absorption of
Light and the Colours of Thin Plates," % did not enable me to investigate the con-
dition of the elementary films, and the process by which the various states of the
glass were produced; but having received, while in Rome in 1857, very fine speci-
mens from the museum of the Marquis of CAMPANA, and more recently other speci-
mens from Nineveh, from Mr LAYARD, I have been able to obtain the results con-
tained in the following paper, and represented in the drawings which accompany it.
The decomposition of glass in its early stages is finely. seen in the brilliant
colours which cover its surface. These colours are those of thin plates, and tints
of the third and fourth orders in NEWTON'S scale are produced in the course of
thirty or forty years on the inner surfaces of panes of glass in stable windows.
The elementary films which display these colours are not in optical contact with
the glass beneath them, though they adhere to it very firmly. They may be
removed by the point of a knife; and in this state the powder is white by reflected
light, and semitransparent when surrounded with water.
* Edin. Trans., vol. xiv. p. 164.
•f- Since this paper was written, I have received from Professor Von KOBELL, of the University
of Munich, a very interesting paper, entitled " Ueber Asterismus und die BreuiBterschen Licht-
figuren," in which he gives an account of my experiments, and adds many new and important ones
of his own, illustrated with three plates. It is published in the Sitzungsberichte der Koniglichen
Baierischen Akademie der Wissenschaften: Sitzung der Math.-Phys. classe, 8 Feb. 1862. A very
full and excellent abstract of this Paper appeared in the Parthenon of 6th Sept. 1862.
X Phil. Trans., 1837, p. 245.
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Even when the glass has been exposed only to the air of the atmosphere,
these coloured films are produced sometimes in twenty or thirty years on the
surface of glass, whether formed by fusion or by artificial grinding and polishing.
But as other surfaces of glass, similarly exposed, and of a much greater age, show
no marks of decomposition, it seems evident that the rate of decomposition must
depend upon the composition of the glass, and probably on the temperature at
which its elements have been combined.
A very remarkable case of rapid decomposition presented itself to me in a
fine plate-glass prism, made for Mr TALBOT by FRAUNHOFER at Munich, and
presented to me by that distinguished philosopher. On the 23d March 1833 I
made accurate drawings of its three faces, on each of which there was a circular
spot, in which the decomposition showed itself in three rings or orders of the
colours of thin plates. In one of these spots, half of which is cut off by the edge
of the prism, the colours in 1833 were three orders, the innermost being a
yellowish-green of the third order. This spot is about a quarter of an inch in
diameter. Another spot about the same size is perfectly circular, the outermost
ring being the white of the first order, rising in the centre to purplish-blue of the
second order. The third spot, about the 16th of an inch in diameter, is perfectly
circular, the innermost tint being a red of the second order. These colours, which
are very difficult to be seen, are those observed at the polarising angle of the
glass, when the reflected light is nearly extinguished by an analysing prism.
Upon examining these decompositions after an interval of thirty years, I can-
not observe any change in the rings and colours. They seem to be fainter than
before, and, what is very remarkable, two long irregular streaks of decomposition,
one an inch long, and the other nearly two inches, have entirely disappeared.
In the shortest of these lines of decomposition, the tints of some parts rose from
blue to yellow in the longest, and in a very small circular spot the tint was
only blue.
The pause in the process of decomposition in the three circular spots, and the
disappearance of the long streaks, is very remarkable,—and the more so, as they
must all have been formed during a period certainly not greater, but probably
very much less, than twenty years. Is it not possible that the particles which
have separated from the glass by the action of the decomposing cause, and
ceased to be in optical contact with it, may have returned into optical contact
when the decomposing cause no longer existed, as might have been the case
with the prism if kept, as it has been, in dry air since 1833 ? That this is not
an unreasonable supposition, may be inferred from an experiment published in
1816, in which one of the surfaces of a fissure made artificially in a thick plate
of glass was so much separated from optical contact with the other surface, as
to reflect totally light incident upon it at a certain angle. " After standing
an hour the fissure began to disappear, and in the course of a day it was as
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completely closed as if it had never been made,"* the surfaces having returned
into optical contact.
When we examine the surface of decomposed glass, either before or after
the removal of the film, we find it composed of an infinite number of cavities, in
the middle of each of which the decomposition has begun. At this point a
particle of glass, of a certain size, has detached itself, and a film is formed by the
aggregation of other particles of the same size. This decomposition extends itself
in all directions, but more quickly downwards beneath the first particle that was
detached. The consequence of this is the formation of a cavity or cup, which would
be part of a hollow sphere if the centres of decomposition were at great distances
and few in number. In general, however, these centres are innumerable, cover-
ing the whole surface of the glass. From this cause, the decomposition round
any one centre meets the decomposition round other centres, and the form of the
cavity is an irregular polygon, the shape of which depends upon the distances of
the centres of decomposition. The lines in which the decompositions meet one
another resemble the meshes of a net, or the lines which separate the small films
or partitions that confine between them small quantities of gas, forming the froth
of champagne, beer, and other liquids.
When the cavities of decomposition are very numerous and equally diffused,
they are often so minute as to be invisible, and their existence is shown by
different degrees of roughness, as if the surfaces of the film had been ground, andv
sometimes by producing halos or rings round the flame of a candle.
In several specimens the surfaces of the films are perfectly specular, showing
that particles of the same size have been uniformly detached from the original
surface, and that the decomposition has not taken place around and beneath dif-
ferent centres.
When we consider the different states of fusion and cooling to which glass is
exposed, whether it is formed by flashing, or blowing, or moulding, it is evident
that the processes of decomposition must take place in spots or in lines where the
elements of the glass have been less perfectly combined, or where the cohesive
forces are more feeble.
In many films, where the decomposition has been pretty uniform, there are .
often numerous centres distant from each other, where very deep cavities have
been formed. These cavities are perfectly circular, as in Plate X. fig. 1, and
Plate XI. figs. 6, 7, 8, &c, and have different diameters and different degrees
of depth. In other films these circular cavities are crowded together so closely as
to occupy the whole of its surface, as in Plate XI. figs. 11 and 13.
In many specimens the centres of decomposition lie in straight lines, and
near each other, as shown in Plate X. fig. 5. One cavity thus encroaches upon
* Phil. Trans., 1816, p. 73.
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another, and a long groove is excavated, the bottom of which is formed of spherical
cavities of different depths and breadths, depending on the distances of the centres
of decomposition, and the rapidity with which the decompositions have taken place.
The form of the grooves is thus very irregular, being wide at one place and narrow
at another, and occasionally not rectilineal. When the centres of decomposition
are very near each other and equidistant, the grooves are very narrow and
shallow, and form straight lines of uniform breadth.
These grooves or lines of cavities lie in different directions, frequently crossing
one another at various angles. In some specimens they are perfectly parallel, and
are often not more than the 500th or 1000th of an inch in breadth, having the
appearance of lines of uniform thickness.
When the cavities are of considerable size, and nearly or perfectly spherical,
they sometimes present remarkable phenomena. Round one or more points of
the spherical films or cavities, a fresh decomposition has taken place, and formed
smaller spherical cavities, sometimes almost touching one another, as in Plate X.
fig. 4, and Plate XI. fig. 6; and occasionally so numerous, that I have found from
fifteen to twenty formed upon the same cavity. In some cases the decomposition
has produced shallow cavities, which, from interfering with one another, have
become polygonal. In some specimens this secondary decomposition has taken
place at such a great number of points, that the infinitely small cavities which it
has formed .appear like specks of black powder, making the cavity more or less
opaque, according to the distance of the specks, or the number of films of which
the cavity is composed.
When the cavities do not interfere with one another, they are occasionally
ellipsoidal, and egg-shaped, though formed from one centre of decomposition.
Specimens of these structures are given in Plate X. fig. 3, and Plate XI. figs.
7 and 12, seen by ordinary transmitted light. In Plate X. fig. 5, are shown
circular cavities, and cavities in lines of uniform and variable breadth. The com-
pound film consists of many elementary films, but only three or four are shown
in the figures, as they alone are visible in the specimen. If we remove with a
lancet those films in succession, we shall find that each film contains all the cavities
existing in the compound one,—the spherical or polygonal cavity, whether deep
or shallow, being joined to, or forming part of the film. When examined on
one side all the cavities are convex, as shown in Plate XI. fig. 11; and when
examined on the other they are concave, as shown in Plate XI. fig. 13.
In comparing this structure of the films with the process of decomposition
shown in Plate X. fig. 1, it is not easy to understand how the concave or convex
parts of the film are united to and form part of the general film. The process of
decomposition having begun at one point, where the cohesion of the particles is the
feeblest, it advances, forming round that point a number of spherical films, before
the decomposition has commenced on the surrounding glass. When the surface
OPTICAL PHENOMENA OF ANCIENT DECOMPOSED GLASS. 197
of the glass begins, or is ready to decompose, the spherical film then forming will
extend itself over the glass, and form part of the general film. If the decompo-
sition has begun at different times round different centres, and proceeded with
different velocities, the spherical film in every cavity, whether deep or shallow,
will extend itself over the general surface. If this is a correct account of the pro-
cess, then we ought to find in every cavity a central portion having no connection
with the general film, because formed previous to the decomposition of the general
surface. When we remove the outer crust from the decomposed glass, we find
this to be the case. The central portions are removed with the outer crust; and in
some cases I have found the cavities filled with that portion, in consequence of no
decomposition having taken place on the general surface.
It is difficult to comprehend the nature of the molecular forces under which
these singular decompositions assume peculiar forms. There is no difficulty in
understanding how, in a homogeneous surface of glass, decomposition round a
centre should excavate a perfectly spherical cavity, and how its ultimate form
should be changed into that of irregular polygons, by the interference of decom-
positions advancing from surrounding centres; but it is a singular circumstance
that the glass should be in any one place in such a state of molecular incohesion,
that the decomposition should follow a law which produces a perfectly ellipsoidal
cavity. Nor does it seem less remarkable that after a cavity, either spherical or
ellipsoidal, or irregularly polygonal, has been formed, spherical cavities should be
formed on different parts of the films which compose them.
The preceding observations have been made on films of glass from Nineveh
and Rome, after the opaque or outer films had been removed. Each film, there-
fore, has on one side all its cavities concave, and on the other side all of them
convex, like a bundle of watch-glasses. Each film consists of many films, which
can be separated by the thin blade of a knife or lancet, adjacent films differing
from one another only in their thickness and colour. The films, though adhering
with some force, are not in optical contact, as they freely admit water, and other
fluids between them, and display the fringes of thin plates produced by the dif-
ferent thicknesses of the interposed films of air.
The mode in which the decomposition proceeds round different centres is
shown in Plate X. fig. 1, taken from a specimen of glass from Nineveh. The
same structure is less perfectly seen in fig. 2, taken from glass found also at
Nineveh. When the glass has lain on damp earth, the decomposition has taken place
very irregularly round separate centres. It consists of two thick crusts of opaque
vitreous matter, enclosing a plate more or less thick of pure glass, with deep ex-
cavated cavities on both of its surfaces. A specimen of this kind breaks by the
pressure of the finger like the slice of an apple. In a finely-shaped glass bottle
found near Cheltenham, and presented to me by Mr SYDNEY DOBELL, a thick grey
crust of iridescent films, of uniform thickness, covers the whole of its surface, and
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gives it the appearance of granite. The iridescence of the films is, however, dis-
tinctly seen; and when the crust is removed the transparent green glass appears,
with its excavated surface.
The decomposition of glass goes on rapidly in water. In a wine bottle brought
up from the wreck of the " Royal George," very considerable films were formed
on its surface. Bottles of the form called " magnums," which were found in the
Cherwell, near Oxford, by Mr R. THOMAS, were encrusted with films of consider-
able thickness. From one of these Mr THOMAS detached a circularly-shaped film
about half-an-inch in diameter, which had a spiral crack proceeding from its
centre, and having eight or nine circumvolutions. This film, which was one of
unusual thickness, was a single one, as is shown by its producing none of the
colours of thin plates at any inclination, and by its action on common and polar-
ised light. Though perfectly transparent, its surface is not specular, but mottled
with the colours of striated surfaces, the points of decomposition by which they
were produced being visible by high magnifying powers.
From the facts I have mentioned, it is evident that the decomposition of glass
is accelerated when it is exposed to the action of acids and alkalies in damp
localities, and particularly to the ammonia so abundant in stables.
M. BRAME, of Paris, having seen a notice of the decomposed glass from Nineveh,
which I had read at the British Association some years before, was led to submit
thick plates of glass to the action of powerful solvents. In a short time circles
were produced analogous to those which I had observed in the Nineveh specimens.
" I have produced," he says, " upon glass, circles regular and irregular, insulated
or concentric, notched in the interior (crystals incomplete or altered). To do this
we must immerse fragments of thick glass into a mixture of fluoride of calcium
and concentrated sulphuric acid, or expose them to the action of the vapour of
fluorhydric acid. In the centre of the circles we find almost always either a
small cavity, or a small nucleus. At the same time one or more fractures of
the glass are covered with striae and small anfractuosities, &c.
" The observations of M. BREWSTEB and mine seem fitted to throw much light
on the formation of siliceous spheres (orbicules) in sandstone and agates, which are
the subject of a fine investigation by ALEX*2. BKONGNIART ; and on the other
hand, this inquiry seems to connect itself directly, like that of the circles of glass
themselves, with the encyclical formations which I have discovered."*
The colours exhibited by films of decomposed glass, when examined in ordi-
nary light, are of the most brilliant description. There is no colour in the world
of flowers which is not found, in all its beauty, in the light transmitted by these
films; while in the light reflected from them the tints are equally varied, and of
a metallic lustre. As each film is composed of many separate films, the colours
* Sur la structure des corps solides, par M. CH. BRAME (Lettre k M. Babinet). Comptes Rendus,
#c, Nov. 1853, torn. xxxv. pp. 666, 667-
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of the two pencils are those of thin plates, and, as might have been expected, are
complementary. Each of the separate films has a colour of its own depending on
its thickness; and when they are numerous, the resulting tint is of a very compo-
site character.* The transmitted tints are brightest when the light is incident
perpendicularly. They vary at oblique incidences, and disappear wholly when
the plate is considerably inclined. Although the elementary films adhere with
such force that it is difficult to separate them, they are not, as I have already
stated, in optical contact. The plate of air which lies between them exhibits in a
very beautiful manner numerous fringes depending on its thickness, as shown in
Plate XI. fig. 12. When we apply a drop of water, or alcohol, or oil, to one of the
compound films, the fluid advances irregularly between the elementary films, form-
ing a prismatic line of various colours as it proceeds. When the film has been per-
meated by the fluid, its colours entirely disappear. When the water or the
alcohol is evaporated by the application of heat, or dry air at one edge of the
wetted film, the colours reappear, and the moving prismatic line separates the dry
from the wet portion of the film. The origin of the prismatic fringe is easily ex-
plained. If the fluid enters or quits the space between two of the films more
quickly than it does between other two, the colour at that place must differ from
that of the compound film. The line of the advancing or retiring fluid must
therefore consist of several colours depending on the number of elementary films,
whose actions are not affected by the fluid.
The following are the colours of the prismatic line, or the succession of changes
from the colourless transparency produced by the complete absorption of the
alcohol to the original tint of the film:—
Original Tint. Succession of Changes, &c.
Red. Pale green, green, blue, pink, dark red.
Rich orange red. Pale blue, blue, pink, pink nearly opaque.
Yellowish orange. Greenish, bluish, pink, orange red, deep orange red, paler orange red.
Bright yellow. Pale pink, bright pink, orange yellow, orange, orange yellow.
Yellowish green. Pale yellow, dirty yellow, deep green.
Pale bluish green. Bright green, growing paler and paler.
Deep blue. Dirty yellow, dirty green, blue, bluish green, blue.
Colourless. Pale green, brighter green, pale green.
If we use Canada Balsam, or Balsam of Capivi, we sometimes see two waves
or prismatic lines, the absorption of the fluid taking place more rapidly between
one portion of the elementary films than it does between another portion of the
same films. If we use so little balsam that it advances only through half the
length of the film, we have the half (A) colourless, and the other half (B) of its ori-
ginal brilliant colour; and if the balsam indurates, the wave of colour which sepa-
rates the two portions will be permanent. If we drive out some of the balsam
from (A) by alcohol, it is curious to see under the microscope the particles of the
* See Phil. Trans., 1837, p. 249.
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balsam rushing out in consequence of being displaced by the alcohol. If we allow
part of the balsam to remain in (A), its colour will reappear, and be brighter and
deeper than that of (B), or its own original colour.
When the surface of any film is specular, or slightly roughened by innumer-
able cavities, which the microscope is required to discover, or when it is covered
with flat polygonal cavities, which rise or sink but slightly beneath the general
level, and which are separated by a reticulated structure, namely, the outlines of
the polygon, the colour of the plate is uniform, or of one tint; but when the
cavities are deep, and especially when they are not very numerous, their colour is
not the same as that of the rest of the film. When of the same colour, it is some-
times less and sometimes more intense. In many specimens the deep cavities
have a different colour from the rest of the film, as in Plate X. fig. 4, and Plate
XI. figs. 6, 7, and 8, the middle or apex of the cavity having often a paler ring
round it. Sometimes one side of the cavity has a different colour from the rest
of it, which may arise either from its elementary films being more inclined to
the incident light, or more numerous.
In a few specimens where the colour is uniform, and consequently the thick-
ness of the film equal, I have observed bands of a different colour, which it is dif-
ficult to explain, as the microscope does not show any structure connected with
the bands. In some specimens the film is crossed with differently coloured bands
and lines extremely narrow and fine, but as they are bounded by sharp edges,
they must arise from parallel veins existing in the glass previous to its decompo-
sition. Other films exhibit differently coloured bands, which arise from lines of
minute cavities, which, as we shall see, is proved by their action upon polarised
light.
In a paper " On the Action of Uncrystallised Films upon Common and Polarised
Light,"* I have described the phenomena exhibited by transparent films of
decomposed glass, when exposed to these two kinds of light. In polarised light
the deep cavities in colourless plates, whether polygonal, spherical, or oval,
exhibit distinctly, though with different degrees of brightness, the black cross,
with the four luminous sectors of the system of rings seen along the axis of uni-
axial crystals. The tints in these sectors never rise above the white of the first
order.
When the films are coloured, the luminous sectors have frequently the same
colour as the film, but in many cases they are different. In a film orange red by
common transmitted light, the colour of the luminous sectors shown in polarised
light is blue. In another, bltie in common light, the luminous sectors are red, as in
Plate X. fig. 4. In a third, with green in the centre of the cavities and red round
the margin of the cavity in common light, the colour of the luminous sectors is pah
red. In many other specimens the rings, or circular bands, in cavities traversed
* Edinburgh Transactions, vol. xxii. p. 607-
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by the black cross, are very remarkable. The following are some of the most in-
teresting cases which I have observed:—
1. The colour of the sectors is brownish near the intersection of the black
cross; then come two green bands or rings separated by a broad black band.
2. White near the intersection, then a black band, and then a reddish yellow
one.
3. The order of the bands from the centre or intersection of the black cross is
as follows: green, darkish line, yellow, black, brownish, and the outer band a
bright pure white.
4. At the centre brownish red, then white, green, white, black, reddish, black,
faint light, black, brownish white.
5. Olive green at the centre, a double red band, olive green, a broader red
band, then alternations of red, green, and white, the outermost band being a
bright white.
These white, dark, and coloured bands, are obviously produced by the inter-
ference of pencils that have suffered one or more reflexions with the pencils
transmitted by the polarising films.
6. In a remarkable specimen, from which I was able to detach many films,
the centre of the figure, or intersection of the black cross, was pale-white, par-
taking of the colour of the film. This was followed by distinct dark lines, indi-
cating the place where we begin to see through the edges of the hollow spheri-
cal surfaces. Beyond this line there were innumerable narrow rings, often of
brightly coloured light. This will be understood by examining Plate X. fig. 1,
and supposing that the centres of the decomposed cavities have been removed.
Through this central part there will be seen only the black cross.
In various specimens of decomposed glass we find films which exhibit in
polarised light a number of bright and coloured lines often parallel to one
another, and so very small that they require a considerable magnifying power
to see them. They are shown, when large, in Plate X. fig. 5, where they
obviously are produced by a great number of cavities lying in a straight line.
Each cavity produces four luminous sectors, and as the middle of the cavity is
occupied with the black cross, the luminous edges of two opposite sectors form
the bright lines of polarised light. Upon turning the film round, these lines dis-
appear when they are in the plane of primitive polarisation, and have their
brightness a maximum when they are inclined 45° to that plane. When the
luminous lines are thus formed, we may generally satisfy ourselves by using high
magnifying powers, that they are produced by the edges of cavities; but I have
observed bright lines and bands which must have a different origin, and which
I have no doubt arise from a structure existing in the glass previous to its
decomposition.
In many of the fragments of ancient glass that have obviously been formed
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in a mould, the fusion has been so incomplete, that the glass has been drawn out
into fibres often curled like a lock of hair, with groups of the fibres twisted in
various directions. When a film has been formed by decomposition upon such a
surface, different parts of it must be differently inclined to the general surface
and to one another, and will polarise the incident light in conformity with the
observations in the paper already referred to. When the inclined portions of the
film thus produce bands in polarised light, their inclination is finely seen by the
reflexion of ordinary light from their surface, which is distinctly fluted as if the
film had been formed on a series of rounded surfaces. These cylindrical flutings
reflect different colours, depending on the different inclinations of their sides to
the incident light.
Among the more interesting phenomena of decomposed glass are the various
circular and other crystals, which are frequently found either upon glass slightly
decomposed, or between the laminae of the coloured films. That these crystals
are formed by ingredients of the glass cannot be doubted. That they are crystals
of silex is highly probable. In films of a pale sky-blue colour, the crystals, both
in common and polarised light, are always colourless, a fact not easily explained;
but in other films they have the colour of the laminae which enclose them. These
crystals have various forms and structures.
1. They are very frequently circular crystals, consisting of minute crystals
radiating from a centre, often with a perfectly circular margin, and of uniform
intensity of light. They are sometimes very irregular in their outline, but even
in this case the elementary crystals are directed to a centre, so that a distinct
black cross separates the luminous branches.
2. The crystals are often so irregularly distributed, that they have no relation
to a centre, but form lines and curves of every possible shape.
3. The crystals are frequently crystalline patches, each of which has a neutral
and depolarising axis, as if they were fragments of a thin film of a doubly refract-
ing crystal. In some specimens the field of the microscope is filled with hundreds
of them, among which a few minute circular crystals may be detected.
4. In several specimens the crystals resemble the leaves of a plant, as shown
imperfectly in Plate XI. fig. 9, four or more leaves being arranged round a centre.
Occasionally, a second group of these leaves surrounds the first group. A com-
pound crystal of this kind was found to be nearly Aths of an inch in diameter.
5. Groups more remarkable than these have more than once presented them-
selves to me. In one of these viewed in the dark field of the polarising microscope,
a bright and minute speck occupies the centre. At a certain distance from this
point there is a ring of minute bright crystalline specks, the bright point being
the centre of the ring. At more than twice the above distance from the centre is
a much wider ring of luminous specks, exactly like a ring nebula or cluster of
stars,—with this difference, that the middle of the ring is the brightest, the specks
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shading off on each side of it. At nearly double the distance of this ring from
the centre is a very narrow and well-defined luminous ring, consisting of hun-
dreds of fan-shaped crystalline groups, with their apex directed to the centre of
the rings. On the outside of this bright ring, and touching it, are minute groups
rounded like the teeth of a wheel. This remarkable phenomenon occurs in a
film which is greenish-blue in ordinary reflected light, and pale-pink by trans-
mitted light. Immediately beyond the bright, well-defined ring already men-
tioned, there is, in ordinary light, a distinct blue ring a little wider than the
bright ring; and beyond this is a sort of annular space of a paler pink colour, by
transmitted light, than the rest of the film. The diameter of the bright well-de-
fined ring is about A ths of an inch.
The relation of all these rings of minute crystals to the bright central point,
places it beyond a doubt that they are produced by some force emanating from,
or connected with, that point. What such a force is, acting between films of glass,
and collecting round it innumerable crystalline specks formed during the de-
composition of the glass, it would be idle to conjecture. In my paper on Circular
Crystals, I have mentioned some analogous phenomena, which may deserve the
notice of future observers.*
Many of the phenomena described in the preceding paper will be better un-
derstood from the following description of the plates. The drawings were care- •
fully made for me by the Honourable Mrs WARD, from specimens which I sent
to her; but, correct and beautiful as they are, they convey but an imperfect idea
of the structures which they delineate.
Explanation of Plates X., XL
Fig. 1. Is drawn from a film of decomposed glass from Nineveh. It shows, as seen by reflected
light, the mode in which the decomposition proceeds round one or more centres.
Fig. 2. Shows on a less magnified scale the process of decomposition in glass from Nineveh.
In glass found in the garden of St Leonard's College, St Andrews, black specks arranged in
circles seem to be some of the ingredients of the glass in a crystalline form.
Fig. 3. Shows a portion of the film, fig. 12, as seen by polarised light. In this figure the black or
dark cross is shown with more or less distinctness in several of the cavities. Whenever
the black cross is seen in polarised light, it is finely shaded off, as in the systems of rings
in uniaxial crystals.
Fig. 4. Shows, by ordinary transmitted light, the curious phenomenon of numerous small cavities
produced by decomposition round numerous centres in larger cavities, the small and the
large cavities consisting of numerous spherical films. In every one of the cavities the
black cross is distinctly seen. This film, as seen, by polarised light, is shown in fig. 6.
In the large cavity, at the lower end of the figure, the black cross which it would have
* Edinburgh Transactions, vol. xx. p. 621.
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exhibited, had there been no small cavities in it, is not shown even in the imperfect state
in which it exists, owing to its eclipse by the smaller cavities.
Fig. .5. Is a film seen by polarised light, and exhibiting the cavities arranged in lines, as described
in p. 193. The drawing of this film as seen in common light, was accidentally omitted
by the artist. It had the same colour as fig. 12.
Fg. 6. Shows the right-hand part of fig. 4 in polarised light. (See fig. 4.)
Fig. 7- Is another specimen as shown by polarised light, having an elliptical cavity exhibiting a
diffused black cross.
Fig. 8. Show groups of crystals of silex formed between the films, in transmitted light.
Figs. 9 and 10 show the same magnified. There are numerous examples of the leaf-like branches
shown in fig. 9, and still more numerous examples of the silex occurring in circular
crystals of singular beauty and various forms. (See p. 194.)
Fig. 11. Shows a film as seen by reflected light, the convex sides of the cavities being towards the eye.
(See p. 188.)
Fig. 12. Shows, very imperfectly, in the faint blue lines, the fringes produced by the different thick-
nesses of the plate or plates of air between the films of glass. See p. 191.
Fig. 13. Shows a film as seen by reflected light, the concave sides of the cavities being towards the
eye. (See p. 188.)
It is often difficult to determine whether the convex or the concave sides of the cavities "are
towards the eye, when they are seen by reflected light; but the image of the flame of a candle in the
inverting microscope is always on the right hand of the cavity when its concave side is towards the
eye, and vice versa.
N.B.—I have used the word cavity to denote each spherical group of films, like a number of
watch-glasses placed within one another, the concave side or cavity being supposed to be towards
the eye—the optical phenomena seen by transmitted -light, whether common or polarised, being the
same when the convex sides are towards the eye.

'IX
